Introduction {#Sec1}
============

In December 2019, many cases of pneumonia of unknown etiology were reported from Wuhan, China \[[@CR1]\]. Cause of this disease was attributed to a new corona virus. The WHO named this virus as novel corona virus (nCoV) and the disease as corona virus disease 19 (COVID-19). Later on, the International Committee on Taxonomy of Viruses renamed the virus as severe acute respiratory syndrome corona virus 2 (SARS-CoV-2) due to its genomic similarity with SARS-CoV \[[@CR2]\].

SARS-CoV-2 spreads very rapidly, and within a short interval of time, it has spread all around the globe and has put almost the whole globe under lockdown. Several people have died and this number is rapidly increasing. Until date, no effective treatment is available. Treatment options are limited but emerging. To describe the available treatment options and to find a new and effective therapeutic measure, we present a review of drugs available and an analysis on possible role of combination of recombinant human angiotensin-converting enzyme 2 (rhACE2), angiotensin (1-7) and angiotensin (1-9) (AAA) for treatment of COVID-19.

Chloroquine {#Sec2}
===========

Chloroquine is a known anti-malarial drug which also possesses immunomodulatory property and recently has been found to have antiviral activity. Probable mechanism of antiviral action includes alteration in endosomal PH and blockage of viral entry and post entry events like replication, aggregation, transportation and viral release. The immunomodulatory activity acts synergistically with antiviral activity. In vitro study has shown that it has activity against SARS-CoV-2 in Vero E6 cells infected with virus. Wang et al. demonstrated that chloroquine acts at both entry and post entry stage of SARS-CoV-2 infection in Vero E6 cells and EC50 of chloroquine in Vero E6 cells against SARS-CoV-2 is 1.13 μM \[[@CR3], [@CR4]\].

Clinical data also support benefit of chloroquine in patients suffering from SARS-CoV-2 infection. In clinical trial conducted at China with more than 100 patients, the drug has been found to reduce exacerbation of pneumonia, improve lung imaging findings, improve viral clearance and shorten duration of disease in COVID-19 patients suffering from pneumonia \[[@CR5]\].

As far as current role of chloroquine in treatment of COVID-19 is concerned, Emergency Use Authorization (EUA) guidelines by the FDA recommend its use in adults or adolescents weighing 50 kg or more admitted in hospital with COVID-19 and for whom a clinical trial is not available or participation is not feasible \[[@CR6]\]. Drug should be used with caution in cardiac patients and in patients with diabetes.

Hydroxychloroquine {#Sec3}
==================

It is an anti-malarial drug which differs from chloroquine because of a hydroxyl group. It also has immunomodulating property and is used in the treatment of autoimmune disorders like rheumatoid arthritis. Like chloroquine, hydroxychloroquine also exhibits antiviral activity against SARS-CoV-2 and mechanism of action is also similar, i.e. alteration of endosomal ph, blockage of virus entry and post entry events.

However, this drug has been found to be more potent than chloroquine as far as the antiviral activity against SARS-CoV-2 is concerned. Yao et al. demonstrated that in Vero cells, EC50 for chloroquine was 5.47 μM and EC50 for hydroxychloroquine was 0.72 μM against SARS-CoV-2 \[[@CR7]\].

In clinical studies also, results with hydroxychloroquine have been encouraging. Gauter et al. evaluated the role of hydroxychloroquine on respiratory viral load of SARS-CoV-2 and demonstrated that treatment with hydroxychloroquine was significantly associated with viral load reduction \[[@CR8]\].

Emergency Use Authorization (EUA) guidelines by the FDA recommends its use in adults or adolescents weighing 50 kg or more admitted in hospital with COVID-19 and for whom a clinical trial is not available or participation is not feasible \[[@CR6]\].

Because of better tolerability and higher potency, hydroxychloroquine appeals to be a preferred drug for COVID-19 treatment. But, it should be used with caution in cardiac patients as it tends to cause QT prolongation. Simultaneous use of any other drug which causes QT prolongation can be dangerous. One recent study has shown that hydroxychloroquine in combination with azithromycin can lead to serious cardiac rhythm problem and can be fatal \[[@CR9]\].

Remdesivir {#Sec4}
==========

Remdesivir is a phosphoramidate prodrug of an adenosine C--nucleoside, developed by Gilead Science Inc. \[[@CR10]\]. It is metabolized to active nucleoside triphosphate and acts at RNA-dependent RNA polymerase (RdRp) to cause RNA chain termination. It is a broad-spectrum antiviral drug which has activity against many viruses including corona virus. In vitro study on Vero E6 cells has shown potent activity against SARS-CoV-2 with EC50 of 0.77 μM at 48 h \[[@CR4]\]. Clinical experience with first case of COVID-19 from the USA showed that treatment with remdesivir was associated with decreased viral load and improved outcome \[[@CR11]\]. However, it is too early to draw any final conclusion.

Fapiravir {#Sec5}
=========

Fapiravir is broad-spectrum antiviral drug and an RNA-dependent RNA polymerase inhibitor which causes inhibition of viral RNA synthesis. It is used for treatment of influenza. One Chinese trial evaluated the role of fapiravir in COVID-19 cases and demonstrated that fapiravir treatment group was associated with greater clinical recovery rate \[[@CR12]\]. At present, very limited data is available for its use in COVID-19 patients.

Lopinavir/Ritonavir {#Sec6}
===================

Lopinavir is a human immunodeficiency virus type 1 (HIV-1) protease inhibitor. Ritonavir is given in fixed-dose combination with lopinavir to increase its plasma concentration through inhibition of cytochrome p450. Lopinavir/ritonavir combination previously has been found to be effective against SARS-CoV and MERS-CoV \[[@CR13]\].

Based on its activity against corona virus, its possible role in treatment of SARS-CoV-2 infection was evaluated. Young et al. from Singapore in a report on 18 patients of COVID-19 described that 5 patients who required oxygen supplementation were treated with lopinavir/ritonavir therapy. Three out of 5 showed improvement and their oxygen requirement was reduced while 2 patients deteriorated and developed respiratory failure. Four out of 5 patients developed adverse drug reaction \[[@CR14]\]. An open-label randomized trial comparing lopinavir/ritonavir with standard therapy in admitted patients with COVID-19 demonstrated no advantage of lopinavir/ritonavir over standard care \[[@CR15]\]. At present, there is limited data to support role of lopinavir/ritonavir for COVID-19 treatment.

Tocilizumab {#Sec7}
===========

Tocilizumab is a recombinant humanized monoclonal antibody which acts at interleukin-6 (IL-6) receptor and causes its inhibition. IL-6 receptors are present in two forms, soluble IL-6 receptor (sIL-6R) and membrane-bound IL-6 receptor (mIL-6R). IL-6 binds with sIL-6R to form a complex and then binds with gp130 on cell membrane to start inflammatory signal. Tociluzumab binds with both sIL-6R and mIL-6R and causes inhibition of inflammatory response. SARS-CoV-2 infection produces inflammatory storm which can lead to death of patients. Tociluzumab by inhibiting IL-6, the driver of cytokine response syndrome (CRS), can reverse the process.

Preliminary data from a Chinese study showed that treatment of severely ill COVID-19 patients with tocilizumab in addition to routine therapy was associated with reduction in oxygen requirement, improvement in CT findings of lung, improvement in peripheral blood picture and reduction in C-reactive protein level, leading to conclusion that tocilizumab is an effective treatment for severely ill COVID-19 patients \[[@CR16]\]. At present, clinical data is limited and further studies are required to establish its role in treatment of COVID-19 patients.

Azithromycin {#Sec8}
============

Azithromycin is a macrolide antibiotic which has been found to have some in vitro activity against viruses like influenza virus and Zika virus; however, there is no in vitro study to suggest its direct action against SARS-CoV-2. It is used in viral infection to prevent super added bacterial infection.

One study with small sample size evaluating the role of hydroxychloroquine on viral load in COVID-19 patient demonstrated that hydroxycloroquine treatment leads to significant viral load reduction and this effect is enhanced by azithromycin \[[@CR8]\]. At present, limited data is available to support its role in COVID-19 treatment.

Convalescent Plasma {#Sec9}
===================

Plasma derived from the body of a person who has recovered from a disease is called convalescent plasma. When plasma is derived from the body of a person who has recovered from an infectious disease, it is supposed that the plasma contains antibody against that particular pathogen from which the recovered person was suffering. This antibody-containing plasma can be transferred to another person suffering from the same pathogen in order to target the pathogen. Previous experiences with convalescent plasma for treatment of H1N1 influenza and Ebola virus infection have been encouraging.

One study in China evaluated the role of convalescent plasma in SARS-CoV-2 and demonstrated that 5 critically ill patients of COVID-19 with features of ARDS were given convalescent plasma and it was found that their body temp decreased, SOFA score decreased, Pao2/Fio2 improved, viral load decreased/became negative and all patients became stable \[[@CR17]\]. Risk of convalescent plasma transfusion includes transmission of infection and immunological reactions.

Heparin {#Sec10}
=======

The International Society on Thrombosis and Haemostasis (ISTH) interim guidance recommends the use of prophylactic low molecular weight heparin (LMWH) in severe COVID-19 patients \[[@CR18]\]. The therapeutic effect of LMWH showed a signficant reduction (*p* = 0.029) in martality (40%) in the treatment group with coagulopathy and treated with heparin compared to the treatment group without it (64.2%) \[[@CR19]\]. A recent study demonstrated the interaction between the SARS-CoV-2 spike S1 protein receptor-binding domain and heparin, suggesting the development of heparin-based therapeutics \[[@CR20]\]. Similarly, increasing levels of d-dimer were related to increasing mortality in non-heparin-treated patients. Heparin exhibits anti-inflammatory effects by neutralizing damage-associated molecular patterns (DAMPs) to protect the endothelial cells by reducing the toxicity of histones on endothelial tight junctions, and decrease lung oedema and vascular leakage \[[@CR21]\].

Anti-platelet Therapies {#Sec11}
=======================

Patient debilitation from severe COVID-19 may pose challenges in administering routine cardiovascular medications, ranging from anti-platelet therapy to beta-blockers, and may put patients with or at risk of ischemic heart disease or heart failure at risk of further deterioration of their clinical condition. The global reports indicate that hospitalized critical patients with COVID-19 often develop abnormalities compatible with hypercoagulability and a clinically elevated prevalence of thromboembolic \[[@CR22]\]. Zhang and co-worker reported deep vein thrombosis (DVT) and pulmonary embolism (PE), thrombosis in extracorporeal circuits and arterial thrombosis associated with COVID-19 \[[@CR23]\]. Although platelets may be involved in the response of local and systemic thromboembolism in COVID-19 coagulopathy, the addition of platelet inhibitor to unfractionated heparin or LMWH in therapeutic doses will increase the possibility of bleeding \[[@CR24]\]. The microvascular thrombosis, DVT and pulmonary artery thrombosis are caused by abnormally high levels of clotting factor and the absence of normal vascular endothelial protective effects. But the role of platelet activation in this process is less well defined and not clearly implicated yet.

Corticosteroids {#Sec12}
===============

Role of corticosteroids is controversial because at one end it may inhibit the inflammatory response and have an overall beneficial effect while at other end it may predispose to secondary infection and delayed viral clearance.

One study from China reported that treatment of COVID-19 patients with ARDS on treatment with methyl prednisolone showed a decrease in risk of death. However, authors also suggested a double-blind randomized trial to validate the result \[[@CR25]\]. Since corticosteroid is a double-edged sword, its use should be individualized.

Nitazoxanide {#Sec13}
============

Nitazoxanide, originally developed as antiprotozoal agent, is a broad-spectrum antiviral drug. Its active metabolite 'tizoxanide' has activity against wide range of viruses like influenza virus, parainfluenza virus, corona viruses, hepatitis B and C viruses and many other viruses.

Broad range of its antiviral activity is probably because of the fact that, in place of direct action against virus, it acts on host-regulated pathways of viral replication which may include interferon or mTORC1 signalling pathway \[[@CR26], [@CR27]\].

As far as its role against SARS-CoV-2 is concerned, in vitro study has demonstrated a potent antiviral activity against SARS-CoV-2 (EC50 = 2.12 μM in Vero E6 cells) \[[@CR4]\]. However, a clear-cut role in treatment of COVID-19 is not established.

Leronlimab {#Sec14}
==========

Leronlimab is humanized monoclonal antibody which inhibits chemokine receptor CCR5. It is an investigational agent in treatment of COVID-19. In a clinical study involving eight critically ill COVID-19 patients, treatment with leronlimab was associated with improvement of immunological markers and trends towards normalization of CD4/CD8 ratio \[[@CR28]\]. Further research is being carried out to establish its role in treatment of COVID-19 patients.

Ribavirin {#Sec15}
=========

Ribavirin is an antiviral drug, a guanosine analogue which causes inhibition of viral RNA synthesis.

In vitro study has demonstrated that ribavirin has antiviral activity against SARS-COV-2 (EC50 of 109.5 μM) and is several times less potent than remdesivir \[[@CR4]\]. Previously it has been used against respiratory syncytial virus and hepatitis C virus. Dose required for treatment of SARS was associated with significant toxicity \[[@CR29]\].

Because of its low potency against SARS-CoV-2 and significant associated toxicity, it is not a good choice for consideration in cases of COVID-19. However, Chinese guidelines recommend ribavirin along with lopinavir/ritonavir or interferon alfa as a treatment option for patients of COVID-19.

Analysis on Possible Role of Combination of Soluble rhACE2, Angiotensin (1-7) and Angiotensin (1-9) for Treatment of COVID-19 {#Sec16}
=============================================================================================================================

SARS-CoV-2 like SARS-CoV uses ACE2 as receptor for infecting human cells \[[@CR30]\]. After binding with membrane-bound ACE2 through S-protein, the virus transfers its RNA into human cells, which undergoes translation to produce new viral particles. Studies have shown that SARS-Co-V downregulates the ACE2 \[[@CR31]\] and SARS-CoV-2 infection is associated with increased level of angiotensin II \[[@CR32]\]. We presume that binding of viral S-protein with ACE2 present on cell leads to downregulation of ACE2, as a result of which ACE2 activity decreases and an imbalance in renin-angiotensin system takes place. In absence/reduced level of activity of ACE2, angiotensin 1 is predominantly converted into angiotensin II while conversion of angiotensin 1 to angiotensin (1-9) and angiotensin II to angiotensin (1-7) is impaired. As a result of this change, level of pro-inflammatory angiotensin II rises and that of anti-inflammatory angiotensin (1-7) and angiotensin (1-9) decreases \[[@CR33]\].

Increased level of angiotensin II has been found to correlate with lung injury and viral load \[[@CR32]\]. Administration of rhACE2 may help to restore the function of downregulated ACE2 and administration of angiotensin 1--7 and angiotensin 1--9 may further help in restoration of normal functioning of renin-angiotensin system by antagonizing the effect of abnormally increased angiotensin II. Strict monitoring and titration of doses will be required to maintain homeostasis and obtain the desired result. However, this is a hypothesis and needs to be tested to know the exact result and assess the risk benefit ratio.

Conclusion {#Sec17}
==========

Until date, there is no effective treatment against COVID-19. Research is on and multiple drugs are being evaluated. Some of them have shown encouraging results but success is still not at hand. Since downregulation of ACE2 and imbalance of RAS plays an important role in pathogenesis of COVID-19, we feel that restoration of RAS with the use of combination of rhACE2, angiotensin (1-7) and angiotensin (1-9) may be an effective therapeutic measure. However, studies are required to test this hypothesis and know the real outcome and assess the associated risk.
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